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CRYSTALLINE FORM OF CEFDINIR 

Field of flielhveDtioii 

The field of the invention relates to a new crystalline form of cefflinir and processes 
for producing the crystalline cefilinir. More particularly^ it relates to the preparation of new 
5 crystalline form of cefilitiir, referred to as 'FomR' and pharmaceut^ 

include die 'Form R'. n also relates to a method of treatmeat of infectious diseases 
comprismg administration of the *Form R\ 

Backppypd of the hveptron 

Chamcally, cefdinir is 7-[2-(2-aininothia2ol-4-yl)-2-hydroxyiininoacetamido]-3- 
10 vinyl-3-ceph^-4-carboxylicacid(synisom^). CefiiinirisaveryuseMantiiaicrobialagait, 
and is known from U.S. Patent No, 4^59334. Cefiiinir is a diird generation cq>halosporin 
antibiotic for oral administration and has a broads antibacterial spectrum than oth^ orally 
administrable antibiotics. Cefdiiur is particularly effective against stq>hylococci and 
strq>tococci. U.S. Patent No. 4,93S»S07 discloses a OTStalline form, le. Crystal A of cefdinir 
IS diaractmzed by its specific powdo* X-ray difGcaction pattern and infinred spectrum. 

In one general aspect tiiere is provided a crystalline fom of cefdinir^ TormR\ 

The Form R may have the X-ny difiBnctkm pattern of Figure I» mfrared sp ectrum of 
Figure II and the difiereotial g^^ft^wig caloiimetry plot of Figure lEL 

20 In anottier generd aspect ffaers is provided a pharmaceutical composition fliat includes 

a therapeutically accq>table amount of Form R of cefflmh; and one or more phannacentically 
acceptable canieis, ex^ieats cor diluents. 

In another general aspect tii^ is provided a process for die preparation of Form R of 
cefdinir. The process includes preparing a solution or a suspension of cefdinir or a salt hereof 
25 in wat^, acidifying tiie solution or suiq)aision to get a mixture; stirring the mixture for a tone 
sufiSdfflt to predpitate the crystaUiiie Fcmn R of cefilinir; 
crystalline Form R. 
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Recovering the cefilinir in Oie CTystallme Fonn R includes one at moie of filttatiOB, 
fittnatioiL und^ vacomn, decantation and centrifiigalion. 

The process may include fintiier drying of the product so obtained. 

The process may produce tfie cefdinir in ttie crystalline Fonn R having a water of 
5 hydration of at least 4%. hi paiticniar, flie Form R may be a monohydrate of cefdinir. 

hi anoiha* general aspect there is provided a method of treatmg microbial infections 
in a warm-blooded animal, fiie method conqmsing providing a pharmaceutical composition 
to the wami-blooded animal &at includes Fonn R of cefdinir. 

The details of cue or more anbodiments of the inventions are srt forth in die 
10 description below. Odier featuies, objects and advantages of die inveotions wiU be 
fitxm the description and claims. 

Descrintjon of the Drawings 

Figure 1 is X- ray powder difi&action pattern of Fonn R of cefflinir. 

Figure 2 is an infrared q>ectrom m KBr of Form R of cefiiinir. 

IS Figure 3 is differential scanning calorimetiy plot of Form R of cefdinir. 

Drtailed Descriptian of flie Invention 

The inventors have foimd new crystalline form of cefdinir> referred to as Term R' . 
The new crystalline form is characterized by its X-ray powder diffraction p att^ as shown in 
Figure 1 iiifraredq)ectrum as shown in Figure 2 and differential scanning calorimetryp^^^ 

20 shown in Figure 3. The inveribrs also have developed process for ttie preparation of the new 
crystalline form of cefidinir^ by prq>aring a solution or a susp^ision of cefoinir or a salt 
diereoi; acidifying the solution or suspension to g^ a mixture; stirring the mixture for a time 
sufScient to precipitate tiie crystalline Form R of cefdinir, and recovering the cefilinir in the 
crystalline Form R The invoitors also have developed pharmaceutical composition that 

25 contain Form R of the cefdinir, in admixture witti one or more solid or liquid pharmaceutical 
diluoits^ carriers, and/or exdpients. 



2 



wo 2004/104010 



PCmB2004/001629 



b general crystalline Fonn R of oefiaiiiir is chaiactetbEed by X-i^ peaks at about 
11.72, 18.S8» 2052, 21.2, 2!2.28, 24.42, and 26:i4 degrees two-tfaeta and mfiared spectral 
bands at about 1015, 1049, 1 135, 1 190, 1350, 1543, 1610, and 1667 cm'^ 

In g^eral, tbe solution or suspension of cefdinir may be obtained by dissolving 
5 cefdinir or a salt tlia:eof in wato:. Attematively, such a solution may be obtained directly 
jGcom a reaction in ^^di cefiiimr is formed. 

llie process fior pr^aring crystalline fimn R o^ 
teoqieratnre of about lO^C or lowo: temperatures, for example Sxm about lO^C to about - 
1 0 ^C. More particularly, it can be carried out at a tenxperature fiom about 5 % to about -5%. 

10 Tlie acidification process can be carried out by adding an inorganic or an organic acid. 

Exanq>les of suitable adds include inorganic acids such as hydrochloric, sulfinic, phosphoric 
> and nitric acids, and organic acids such as trifluoroacetic, medianesuUbnic, benzenesulfonic, 
p-toluenesulfi>iuc, and formic acids. 

The add is added in an amount ttiat makes the pH vahie of the solution/suspension 
IS fiom about 0.5 to about 4, for exanqile, fiom about 1.5 to about 3. 

The concentration of &e soluti(m/suq>ension of die salt of cefiinir can be in the range 
fiom about 1% to about 20% by wdght, for exan^le, fiom about 3% to about 10% by 
wdghL 

After addification, fiie mixture may be stirred fi)r a time sufiScient to precipitate 
20 crystalline Form Rofcefdinir. The duration can be fiom about 1 hour to about IS how 
g^eral and may vary dq>^nding on the temperature, the concentration 
starting salt is in solution or su^ension. The predpitation of the crystalline Form R fiom a 
sohition may require stirring for a longer duration in general, fot example fiom about 5 hours 
to about 15 hours. 

25 Suitable salts of cefilinir that can be used m v 

. salts and may include a salt wifii an inorganic base, fi>r exan^le an alkali metal salt, such as 
sodium and potassium salts; an alkaline earth metal salt, such as caldum and magnesium 
salts; an ammonium salt; a salt wifii an organic bas^ finr exan^le, an <»:ganic amine salt such 
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as, tdefliylamiiie, pyridine^ picoline^ e&anolanime^ triebanolanubtie^ and dicyclohexjiaoune 
salts. 

The salts of cefiiinir may be obtained by me&ods known in tbe art including those 
described in U.S. Patent No. 4,SS9334. In particular, &e crystalline potassium salt of cefdinir 
S was prepared according to tiie process disdosed in our co-poi 
Soial No. PCr/ro02/05315. 

The salts of cefflinir may also be obtained by adding a base to a suspensidii of cefdmir 
in water. Bxanq>les of bases inchide alkali m^ salts of caibox^c adds, sudi as sodhmi 
acetate and potassium acetate; organic such as trielhylainine, pyridine, picoline^ 

. 10 ettianolamine, trieihanolamine, dicyclobexylamine, ammonium hydroxide^ allcaB metal 

^ hydroxides, sudi as sodium hydroxide or potassium hydroxide, aDcali metal carbonates, such 
as sodium carbonate or potassium carbonate^ and alkali metal bicarbonates, such as sodium 
bicarbonate. 

Cefdinir may be prepared using the reactions and techniques known in tfie art 
15 including those described m U.S. Patrat Nos. 4,559334; 4,870,168; and 6,093,814; WO . 
92/7840; and PCT Patent Application Serial No. PCT/IB02/014iO. 

The precq>itated oystallme Fomi R of cefilinir may be recovmd by conventianal 
mediods such as filtration, filtration under vBCUom, decantation and centrifiigation. 

The product obtained niay be further or additionaUy dried to adiieve the des 
20 moisture vdues. For 6xaiiq>l6,fhe product maybe fiir&er or addition . 
dried und^ vacuum and/or in a Ruid Bed Drier. 

The crystaOiiie Form R of ceptnir is pure, easy to haiuUe, stable ag^ 
Ught, and is at least as fiee of residual solvents as tiie starting cefdinir. It is thus, suitable fin: 
pharmaceutical preparations and in storage. 

25 TbecefilmirofcrystaltineForaiRcanbeadniinisteredfi>r&etrea^ 
izifections, sudi as skin reqmatcny and urinary tnu>t infecti^ 
particular, cefdinir of crystalline Form R may be used fixr treating community-acquired 
pneumonia, acute exaceibati<»is of chronic fatoncfattts, acute maxillary sinusitis, 
pharyngitis/tonsillitis, and uncomplicated skin and skin structure infections. 
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For the pmpose of tbis disclosme, a waim-blooded animal is a member of ttie animal 
Idngcbm possessed of a homeostatic mechanism and includes mammals and bixds. 

The cefiiinirFomiR can be administered by any conveoticm^ alone or in 
combination with otbor ther^>eatLc agents. They can be administered alone, but are generally 
S administered with a pharmaceutical earner selected in the basis of the chosen route of 
administration and standard phannaceudcal practice. 

The cefamir Form Rmay be finmulatedmto ordinary dosage forms sudi as, for 
exanq>le, tablets, capsules, suspensions, dispessions, icgectables and o&er pharmaceutical 
fimns. hi diese cases, flie medicaments can be prepared by conventional mediods wifli 
10 conventjonalpharmacenTtical eacdpieats. 

The compositions include dosage forms suitable for oral, buccal, rectal, and parenteral 
(including subcutaneous, intramuscular, and ophthalmic) administration. The oral dosage 
forms may include solid dosage forms, like powder, tablets, capsules, stq>positories, sadbets, 
troches and lozenges as weU as liquid suspoisions, emuMoxss, pastes a^ 
IS dosage forms may include intravenous infodons, stoile solutions for intramuscular, 
subcutaneous or intravenous administration, dry powdeis to be reconstituted wifli stedle 
water for parenteral administration, and foe like. 

The present invention is further illustrated by the following exaiiq)les which are 
provided merely to be exCTplary of foe inv^on aiul are not intended to limit foe scope of 
20 foe fawention. Certain inodifications and equivalents will be ^ar^ to fooseski^ 
art and are intended to be included wifoin foe scope of foe present inverxtioa 

Mefoods 

X-Ray Powder DifGncdon 

X-ray powder diJBQraction patterns w&e recorded using foe following mstrument and 
25 parameters: 

X-Ray Difiraclomet^, Rigaku Coorperadon, RU-H3R 

Goniometer CN215SA3 

* 

X-Ray tube wifo Ca target anode 

Diverg^e sUts 1 0, Receiving slit 0.15mm, Scatter slit 1 0 
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Power 40 KV, 100 mA 

Scamiixig ^eed: 2 degAnin^step: 0.02 deg 

Wavelengfli:U406A 

lofiared Spectra 

5 Infiared spectra were lecoided using flie foUowizig instaument and parametea:s: 
InstnunentPeddn Blmer,16 PC 
SCAN: 16 scans, 4.0 cm'^ 

According to Qie USP 25, gmeral test meifaods page 1920, infiaied absoiption spectrum by 
potassium bromide pettet metihod. 

10 I>i£F(»:ential Scanning Calorimetty 

Differential scanning calorimetry plots were recorded using the following instrument and 
parameters: 

DSC821 e. Metfler Toledo 
Sanq)le weight: 3-S mg 
IS Tanperature range: 25-100^ C 
Heating rate: rC/Dodn 
Nitrogra 80.0 mL/min 
Number ofholes in flie crucible: 1 
BKantptel 

20 Qfystallinii cefilinir potassrum salt (S.O was suspended in water (1 SOml) at 3 - 4°C. 

pH of fbis heterogoieous mixture was adjusted to 2.4 to 2.6 at 3 to 4''C using 3N 
hydrochloric add. The mixture was stirred for 5 to 6 hours m aintainhig teaq>q:ature at 3 to 
4X. The precipitated solid was filtered and dried under vacuum at 40 to AS^C to get 4.0 g of 
oEf-white crystalline Form R of cefdinir. 

25 HPLC Purity « 99.59 %, Moisture Content (% w/w by KF) 4.55 %. 

XRD, IR, and DSC spectra were similBr to fiiose shown in Figure I, II and III» respectivdy. 
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Example 2 

Cefdioir free add (S.Og) was suspend^ pHofttus 
heterogeneous mixture was adjusted to 6.0 to 6.S with sodium bicaibonate for coiiq>lete 
dissolution. IMissolved particulate matter was filtered oK The clear solution was cooled to 
5 2toS^C pH was adjusted to isoelectric point of cefilinir with SNbydKK^U 

5^C. The mixture was stined for 8 to 10 hours niflti>t«ming temperature at 2 to S^C to grow 
form R of cefiiinir. The precqntated solid was filtered and dried undo: vacuum at 40 to 4S^C 
to get 3.8 g of off-white crystalline Form R of cefiiinir. 

HFLC Purity =99.15 %, Moisture Content (% w/w by KF) » 6.19 %. 

10 XRD, JR^ and DSC spectra were similar to those shown in Figure I, n andm, respectivdy. 

While ftie present invoition has been desoibed in terms of its q)edfic embodunoits, 
certain mcdifications and equivalents w31 be qiparent to &o^ 
intended to be included within the scope of fiie presmt inventioa 
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WeGaim: 



1 1. Tonn R* crystalline cefilibir. 

1 2. TlieFcmnR of claim l.whearein&ecefdi^ 

« 

2 Figuie 1. 

1 3. l)i6F(mnR of claim U'viAifiremlliece^^ 

1 4. TheFonnRofclaimlyWherdndiecefilimrhasthedifi^^ 

2 calorim^ plot of Figqie 3. 

1 S. The FomiRofclaiml,^di is an off-wUtecryBtalline powder. 

1 6. A crystalline FomiR of cefdinircbaiacterizQd by X-m 

2 ' peaks at about 1 1.72, 18.58, 20il2, 21.2, 22.28, 24.42, and 2624 degrees 2-tfaeta. 

1 7. A crystalline FomR of cefijinirchanu^terized by infi^^ 

2 1015, 1049, 1135, 1 190, 1350, 1543, 1610, and 1667 cm 

1 8. A crystalline FonnRofoefdiiiir,diaracteri2ed by a water of hydration of ^ 

2 4%. 

1 9. The crystalline form ofclaim 8, whidi is a monohydrate of cefdinir. * 

1 10. A phamiaceuticalocm^osition comprising: 

2 adia:q>eutically effective anunmt of Fomi Rcefdinin 

3 and one or moiephainuiceiiticany acceptable carrietB,exdpi^ 

1 11. The iAarmac6uticalcoiEqK>sition ofclaim 10, iK^ie^ 

2 diffraction pattern of Figore 1. 

1 12. The pharmaceutical composition of claim 10, wherein the cefdinir has the infiared 

2 spectrum of Figure 2. 

1 13. The pharmaceutical conqmtion ofclaim 10, whoeui the cefiiinir has tfie 

2 differential scanning calorimetry plot of Figure 3. 
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1 14 A piocess for the prqiaradon of crystalline FomiR of ce 

2 conoprisiiig: 

3 preparing a solution or a sosp^on of cefSimr or a salt thereof in waten 

4 ad(Ufying the solution pr suspension at a tempemture of from ^ 

5 10°C to get a mixture; 

6 stilling ttie mixture for a time sufiSdent to precqiitate the crystalline Form R; and 

7 recovering the cefdinir in flte crystalline FonnR. 

1 IS. The process of claim 14, wherein ttie temperature is fiom about -5^C to 

2 about S'Hl 

1 16. The process ofclaim 14, \idierein the sohitton or suqiension is add^ 

2 value of fiom about to about 4. 

1 17. Th6processofclaiml6,wheremthepH value is fiom about 13 to about 3. 

1 18. the process of claim 14» wherem ttie salt of cefdinir is obtained by adding a base 

2 to a suspension of cefdinir in water. 

1 19. The process ofclaim 14 or 18, 'vAeiein cefdinir or its salt is obtained as a solution 

2 directly fiom a reaction in whidioeHinir is fomied 

1 20. The process ofclaim 14, wherein the salt ofcefilinir is a salt wither 

2 base. 

1 21. The process ofdaim 20, wherein the sdt is an alkaU metal salt, an al^^ 

2 metal salt or an ammonium salt 

1 22. The process ofclaim 21, wherein the alkaUm^ salt is a sodium or potasa 

2 salt 

1 23. The process ofclatm 14, wherein the saHofcefdinir is a salt wi& an orgam 

1 24. The process ofclaim 23, whe]:da the salt is a triethylamine^ 

2 edianolamine, triettianolamine^ or dfcyckdwaiylamine salt of orfaimr. 
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1 25. IliepixxsessofclaimU.fiiittijBrcQiiipi^ 

2 obtained. 

1 26. ThepiocessofclaimH.fiirtfaercon^i^^ 

2 finished dosage fi>nn. 

1 27. The process ofclaini 14, whoein the cefflinir has die X-^ 

2 Figure 1. 

1 28. T1iepi6c6SSofclaiml4,^»4ieErein1fa6ce{^^ 

2 Figure 2. 

1 29. The process of claim 14, \^eiein die cefilinir has die diffeiential scanning 

2 calorimetry plot of Figure 3. 

1 30. A mediodfiar treating microbial infections ui a wann-bloodedani^ 

2 admimstraing a pharmaceutical conqiositiQn that iiichides aoTstallineFormRof 

3 cefilinir. 

1 31. Themediodofclaim30,\¥faeieindiemicrobialiiifectionisa8 

2 urinary tract infection. 

1 32. Ilieniediodofclaim30,^idieremdiBnncrobialinfe^ 

2 pneumoxda, acute exaceriiations of chronic bronchitis, acute maxillary sinusitis, 

3 pharyngitis/tQnsillitis,anduncQn9licatedddnands^ 

I 
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